Group B ,-haemolytic Streptococcus (GBS) may cause severe septic shock and death in neonates, whereas this is rarely the case in adults. As impaired red blood cell (RBC) deformability might disturb microcirculation in septic shock, the in vitro effects of GBS (1-7X108 cfu/ml) on RBC deformation (rheoscope) and haemolysis were studied in blood from preterm infants, term neonates, and adults. Furthermore, RBC deformation was studied in term neonates with GBS sepsis. RBC deformation at a shear stress of 4 Pa decreased significantly within 5 minutes of GBS incubation in preterm infants (-13%) and term neonates (-/9%). In adults RBC deformation did not change during the first 15 minutes, but decreased significantly after 30 (-10%) and 60 minutes (-13%). In the term infants there was little further decrease in RBC deformation between 5 and 60 minutes of GBS incubation; RBC deformation in preterm infants decreased by 19% after 60 minutes compared with the preincubation values. RBC deformation in septic neonates was significantly decreased at shear stresses of 1, 2, and 3 Pa (-19%, -18%, and -9%). Sixty minutes of incubation of RBC from adults and neonates with GBS and without GBS resulted in haemolysis below 4°/.
Group B Streptococcus (GBS) is a major pathogen in neonatal pneumonia and sepsis. Neonatal GBS infection is frequently associated with increased pulmonary and systemic vascular resistance and decreased cardiac output.' The circulatory effects of GBS are similar to those seen in Gram negative septicaemia2 and are generally explained by the release and action of various mediators and cytokines such as tumour necrosis factor, interleukins-1 and -6,3 leukotrienes, prostaglandins and thromboxane. 4 Moreover, hydroxyl radicals may have a role in the cardiopulmonary consequences of GBS septicaemia in neonates.5 In neonates disturbed skin microcirculation is an early sign of sepsis.6 Previous studies have shown that impaired circulation in neonates,7 children,8 and adults9 with Gram negative septicaemia is associated with decreased red blood cell (RBC) deformability and increased haemolysis. Moreover, endotoxin severely impairs RBC deformability in vitro.7 10As far as is known, no report on the effect of GBS on RBC deformability has been published before.
This study was designed to investigate RBC deformation and haemolysis in adults, preterm, and term neonates, and umbilical cord blood during in vitro incubation with GBS. Furthermore, RBC deformation was studied in neonates with GBS sepsis.
Methods
A total of 36 newborn infants were studied with the approval of the Ethical Committee of the Children's Hospital of the University of Heidelberg and with the informed consent of the parents. Five groups were studied. Group 1 comprised 10 healthy term neonates with a gestational age of 38-40 weeks. Group 2 included 10 healthy preterm infants with a gestational age of 28-30 weeks. Group 3 comprised 10 umbilical cord blood samples taken from healthy term neonates. Group 4 included 10 healthy adults. RBC in term and preterm neonates (groups 1 and 2) were collected on the first day of birth. Six septic term neonates (group 5) were studied between days 3 and 6 after birth. These infants had a positive blood culture for GBS, raised C-reactive protein (3-11 mg/dl), but no coagulation abnormalities. All of them survived after treatment with ampicillin and tobramycin.
Blood was anticoagulated with heparin (5 IU/ml) and all measurements were done within 4 hours of blood collection. RBC were isolated by centrifugation for 10 minutes, and plasma, buffy coat, and RBC were separated with gentle aspiration. The RBC were washed twice with isotonic phosphate buffered saline solution (pH 7-4, 300 mosmol/kg).
GBS type III/R was isolated from the blood of a newborn infant who had developed early onset sepsis. Bacteria were grown in Todd-Hewitt broth for 24 hours at 37°C and harvested by centrifugation at 5000 rpm for 15 minutes. Bacteria were resuspended in sterile saline 0-9% to a concentration (determined by serial viable counts) of 1 x 109 cfu/ml. The GBS were stored in Todd-Hewitt broth with 25% ethylenglycol and frozen at -18°C. The GBS concentration was determined before each RBC incubation by Results are expressed as mean (SD). Analysis of variance for paired observations was used to test for changes in RBC deformation during 60 minutes of GBS incubation. The three neonatal groups and the adults were compared using analysis of variance for unpaired observations. A P value of <0 05 was regarded as significant. Figure 1 shows deformation of untreated RBC and of RBC incubated in vitro with GBS (1*7x108 cfu/ml) in the rheoscope at a shear stress of 4 Pa. In adults RBC deformation decreased significantly after 30 minutes (-10%) and 60 minutes (-13%) of in vitro incubation with GBS (fig 2) . In term neonates, RBC deformation had already decreased significantly after 5 minutes of GBS incubation (-9/o) with little further increase during the following 55 minutes (-12%). In the preterm infants RBC deformation was significantly decreased after 5 (-13%) to 60 minutes (-19%) of GBS incubation. Sixty minutes of incubation of RBC from adults and neonates with and without GBS resulted in haemolysis below 3 5%. Figure 3 shows that GBS caused a significant reduction in RBC deformation after 30 minutes of in vitro GBS incubation at a shear stress of 1, 2, 3, and 4 Pa. RBC in preterm infants had a more pronounced reduction of deformation than adult RBC at each of the four shear stresses. At the highest shear We conclude that neither neonatal nor adult RBC are haemolysed by intact GBS type III/R, but that neonatal and adult RBC deformability are significantly decreased by GBS in vitro and in vivo. As the GBS impairment of RBC deformation was more pronounced in preterm infants than in term neonates and least pronounced in adults, we speculate that either GBS toxins binds more readily to neonatal than to adult RBC, or that GBS toxins affect neonatal RBC more than adult RBC. The stronger impairment of neonatal RBG deformation may contribute to the high risk of neonates for GBS induced septic shock.
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